The purpose of this integrative review is to describe the state of knowledge about the effect of worksite back injury prevention programs on selected study outcomes. Fifteen experimental and quasi-experimental studies published between 1987 and 1994 were identified through a comprehensive literature search. The research studies were reviewed and analyzed using a data collection abstracting tool. Four types of back injury prevention intervention programs were identified: back belts, back schools, exerciselflexibility training, and educational classes. Positive program outcomes were reported for all four program types; however, the back school and the exerciselflexibility training programs were stud-ied more frequently and demonstrated a greater proportion of positive results than the other two program types. Conclusions should be viewed cautiously due to the small number of studies reviewed and their methodological limitations. Implications for occupational health nursing practice and future research related to worksite back injury prevention are offered.
T he increasing costs and accompanying disability rates from back injuries are a common problem in worksites today. The average cost (indemnity and medical costs) of a lost time back injury claim was $24,080 in 1990 (Hoskin, 1993) . Back injury claims in 1993 accounted for one third of all workers' compensation lost time cases and were found to be about one third more expensive and last longer than other claims (Hoskin, 1993) .
A national health objective for the year 2000 is to increase to at least 50% the number of worksites offering back injury prevention programs (U.S. Department of Health and Human Services, 1991) . Between 1985 and , the number of worksites with 50 or more employees offering back care activities increased slightly from 29% to 32% (U.S. Department of Health and Human Services, 1993) . To reach this national health objective more worksite back intervention programs are needed.
Ideally, the programs chosen will be those that show the greatest promise of positive effects for both workers and employers. However, the back injury prevention intervention research does not provide clear direction to occupational health nurses about what types of programs work best. The evidence is unclear and even contradic-tory (Lahad, 1994) . There is a need to describe systematically the study findings and the claims about preventive outcomes.
The purpose of this integrative review is to describe the state of knowledge about the effect of worksite back injury prevention programs on selected study outcomes. The outcomes examined included back injury rates/back rate pains, lost time, costs, exercise behavior, muscle strength/flexibility, and body mechanic usage.
METHODS

Sample
The sample consisted of studies that met the following inclusion criteria: • Worksite study. • Experimental or quasi-experimental intervention study. • Data based research study published between 1966 and 1995. Excluded were non-experimental studies, non-published studies, and studies conducted in laboratory settings.
Sources for the literature review included: MED-LINE: 1966 to March, 1995 SilverPlatter: CINAHL 1982 to December, 1994 Dialog Information Services: Occupational Safety & Health 1973 IBIS: Wilson, General Science 1984 to April, 1995 Current Content, Clinical Medicine 1992 to May 1995 and ancestry (i.e ., tracking relevant citations in published papers). Fifteen studies, published between 1987 and 1994, met the inclusion criteria.
Instrument/Procedures
The studies were reviewed using a data abstraction instrument. The elements examined in each of the studies reviewed were: author and year of publication, sample size, type, inclusion criteria, sampling method, setting, research design, analytical methods, level of prevention, program components, variables, variable definitions, reliability and validity of measures, results, conclusions, methodological strengths and limitations, program strengths, and alternate explanations for results. Data were summarized using frequency counts.
RESULTS
Sample/Setting Characteristics
Sample sizes ranged from 30 to 4,398 (See Table 1 ). The sample sizes in seven studies were under 100. The mean ages of participants were identified in 10 of the studies, and ranged from 16 to 45 years. Not listed in Table 1 is place of study (all in the United States, except three that took place in Sweden, Israel, and Canada). Study settings included hospitals, municipal/county government, a local industry, a fire district, a youth employment agency, a grocery warehouse distribution center, and a military base. Both male and female workers participated in the programs. The study durations ranged from 1 month to 6 years, with 10 of the studies lasting less than 1 year. All of the studies consisted of convenience samples.
One study excluded all currently back injured subjects (Walsh, 1990) and two studies included only back injured 190 subjects (Sirles, 1991; Donchin, 1990) . The remaining 13 studies did not state the back injury/back pain history or the present status of back injury/back pain subjects.
Research Designs
The research designs are listed in Table 1 . Seven of the studies were true experiments and eight were quasiexperimental. All of the quasi-experimental studies used non-equivalent control groups. Nine studies were pretestposttest designs with two of these reporting multiple posttests (Donchin, 1990; Wollenberg, 1989) . Two studies (McCauley, 1990; Reddell, 1992) were posttest only designs.
Analytical Methods
Thirteen studies tested for statistically significant differences between/within groups. Most commonly used were t tests (paired t tests, independent t tests) and analysis of variances (ANCOYA, ANaYA). Other methods included Chi square, Z scores, confidence intervals, regression analysis, Wilcoxon matched pairs, Mann-Whitney test, and odds ratio. Two studies, Wollenberg (1989) and Galka (1991) , did not use inferential statistics (See Table 1 ).
Program Components
Four categories of interventions directed at back injury prevention were identified: 1) back belt programs, 2) back school programs, 3) exerciselflexibility training programs, and 4) education programs. Three back belt programs were labeled as belt programs by the researcher. Although one program (Galka, 1991) was labeled as a back school by the researcher, it was also considered a belt program in the summary of program components because it identified a belt component. All of the belt programs identified the use of back belts and education in proper body mechanics.
Three back school programs (Mitchell, 1994; Reddell, 1992; Walsh, 1990) were labeled as such by the researchers. Three (Brown, 1992; Galka, 1991; Sirles, 1991) identified the use of an exercise physiologist/kinesiotherapist. All identified the use of educational teaching and body mechanics or lifting techniques. One of the four back school programs described an exercise component that was also considered an exerciselflexibility program (Sirles, 1991) .
The exerciselflexibility programs all identified the use of education and exercises. Two studies (Hilyer, 1990; Sirles, 1991) identified the use of exercise physiologists. One study (Gundewall, 1993) identified the use of a physiotherapist. One (Wollenberg, 1989) identified the use of an exercise therapist, and one (Shi, 1993) identified the use of professional staff with outside consultation.
The education programs used teaching as the basic component, to the exclusion of back belts and exerciselflexibility training. Each study was classified according to the label given by the researcher or by the dominant intervention reported. The program components used in each study are listed in Wood (1987) n=not reported. Somewhere Quasi experimental NEC. Z scores, rates. between 9-13 months. Hosp. Wollenberg (1989) n=58. 3 months. Local industry. Quasi-experimental. Percent differences. NEC, PIP. Donchin (1990) n=142. 
Reliability and Validity of Measures
Reliability is concerned with how consistently an instrument measures the concept of interest; validity determines the extent to which the instrument actually APRIL 1996, VOL. 44, NO.4 reflects the abstract construct being examined (Bums, 1993) . Reliabilitylvalidity of measures were rarely reported. Three studies were strengthened by the documentation of good test-retest reliability. These included Wollenberg's (1989) Body Mechanic Questionnaire (r = .96), Scopa's (1993) Modified Work Related Body Mechanic Questionnaire (r =.95), and Feldstein's (1993) Back Pain Questionnaire (r = .90-1.0). Scopa reported that content validity was established by six experts on the modified work related body mechanic questionnaire. Hilyer (1990) reported good reliability of the sit and reach 
Outcome Variables
Back injury ratelback pain rate was a variable identified in 13 studies, but defined differently from study to study (See Table 4 for a listing of the outcome variables examined in each study). Wood (1987) defined injury rate as back injuries caused by interaction with residents only. Hilyer (1990) considered injury rate to include all injuries involving sprains, strains, or tears. Injury rate was defined as the number of times a back injury report was filed on the job in Brown (1992) . In Mitchell (1994) , the injury rate was concerned with the number of back injuries of those with no prior history of back injury as well as the number of back injuries for all workers, regardless of history. Gundewall (1993) considered back pain complaints rather than injury.
A seemingly straightforward variable-lost timewas defined inconsistently across seven of the studies. Mitchell (1994) identified days lost and limited days, but did not define exactly what was meant. Reddell (1992) counted lost workday cases, restricted workday cases, restricted days, and lost days, but gave no clear definition of the differences among the terms. Brown (1992) counted the lost work time as the number of days unable to work minus the number of off days during that period and the lost time costs as the daily lost time multiplied by the pay rate.
Costs were measured in six studies and defined consistently in two. Cost was defined as a combination of medical and lost time costs in Hilyer (1990) and Brown (1992) . Reddell (1992) defined total workers' compensation costs as a combination of claim, medical, and miscellaneous costs. Shi (1993) defined savings as dollars saved per employee medical claim, and sick day costs were reported but not defined. Mitchell (1994) defined total costs as the costs of the belts, treatments after injury, medications, back schools, roentgenograms, physical therapy, specialist referrals, lost days, and limited days.
Muscle strength/flexibility was measured in six studies. All six studies used the performance of specific muscle strength, flexibility, and/or endurance tests to measure muscle strength/flexibility. Body mechanic usage was measured in four studies. All studies measured it in terms of body positioning while moving, or while lifting, lowering, pulling, or transferring objects or patients.
Exercise behavior was identified in five studies and measured in two. It was commonly described in terms of participation in activities such as calisthenics, back exercises, and flexibility training, or the ability to perform specific exercises. Two studies (Wollenberg, 1989; Shi, 1993 ) measured exercise behavior as part of a self report component on a questionnaire. One study reported exercise behavior was less than 100%, but did not report a measured result (Galka, 1991) . Table 5 summarizes the associations between the intervention type and the outcome according to type of intervention. In summation, all four of the programs showed generally positive results. With the exception of two back belt programs, one exercise flexibility program, and one education program, all programs showed theoretically consistent associations; that is, results were in the hypothesized direction.
Associations Between Program Intervention Type and Outcomes
Of the four back belt programs, one study (Galka, 1991 , no p value) reported a decrease in the number of back injuries, and one (Walsh, 1990, p non-significant) reported no change. Two studies (Walsh, 1990, p < .03; Galka, 1991, no p value) reported a reduction in lost time. One study (Walsh, 1990 , p non-significant) reported no change in abdominal strength. The two inconsistent associations in the back belt programs were: Reddell (1992) reported an increase in lost workdays case incident rate (p < .0181) in the belt dropout group;
and Mitchell (1994) reported an increase in the back injury rate, lost time, and costs (p non-significant) for the belt group. Because belts were mandated for employees with a history of back injury in Mitchell's program, the back belt group appeared heavily weight- ed with previously injured employees compared to the non-belt group. The back school programs showed theoretically consistent associations. Two studies (Brown, 1992 , p < .001; Galka, 1991 , no p value) reported a reduction in back injury rates. One study (Galka, 1991 , no p value) reported a decrease in lost time, and one (Brown, 1992, p nonsignificant) reported no change. One study (Brown, 1992, p non-significant) showed no change in costs. One study (Sirles, 1991, p < .01) showed an increase in flexibility.
One study (McCauley, 1990 , p <. 01) showed an increase in body mechanic scores. The exercise/flexibility programs showed theoretically consistent associations. Two studies (Hilyer, 1990, no p value; Shi, 1993 , no p value) reported a decrease in rates. Two studies (Hilyer, 1990, p < .026; Gundewall, 1993, p < .0044) reported a decrease in lost time. Three studies (Hilyer, 1990, p non-significant; Gundewall, 1993, no p value; Shi, 1990 , no p value) reported a decrease in cost. Two studies (Donchin, 1990, p < .002; Gundewall, 1993, p < .045) reported an increase in muscle strength. Three studies (Donchin, 1990,p < .019; Hilyer, 1990,p < .001; Sirles, 1991, P < .01) reported an increase in muscle flexibility. Two studies (Wollenberg, 1989, no p value; Shi, 1993 , P < .0009) reported an increase in exercise behavior. One study (Wollenberg, 1989 , no p value) reported an increase in body mechanic usage.
Of the three education programs, one study (Wood, 1987) reported a decrease in the injury rate (p non-sig- 
Summary of Outcome Variables Identified by Researchers
Researchers Back Injury/ Muscle Strength, Body Mechanic Exercise Back Pain Rates Lost Time Costs
Flexibility Usage Behavior Wood (1987) x x Wollenberg (1989) x x x Donchin (1990) x x Hilyer (1990) x x x x McCauley (1990) x Walsh (1990) x x x Galka (1991) x x Sirles (1991) x x Brown (1992) x x x Reddell (1992) x x x Feldstein (1993) x x Gundewall (1993) x x x x Scopa (1993) x Shi (1993) x x x Mitchell (1994) x x x Total 13 8 6 5 4 2 nificant). This reduced injury rate was a result of a combination of an education program and an administrative program. One study (Feldstein, 1993) reported an increase in body mechanic usage (p < .008). One study (Scopa, 1993) reported an inconsistent association in the increase (non-significant) in body mechanic usage score in the independent study group, but not in the classroom education group. This marginal increase in classroom scores of the independent study group may have been significant if the sample size had been much larger than the reported 49. Table 6 summarizes the association between the intervention and outcome. The majority of studies reported theoretically consistent associations. Onl y one study reported a statistically significant inconsistent association (Reddell, 1992) ; two studies reported statistically not significant, inconsistent results (M itchell, 1994; Scopa, 1993) .
DISCUSSION
Although there are disparities in samples, research designs, time spans, program components, and measures across studies, it is possible to make some general observations. A variety of worksite back injury prevention intervention programs are reported in the literature. These programs may be categorized as back belt programs, back schools, exerciselflexibility programs, and education programs.
Exerciselflexibility programs were the most frequently studied type of program. Injury rates, absenteeism, cost, muscle strength/flexibility, body mechanic usage, and exercise behavior were the program outcomes selected for study. Injury rates and lost time were the program outcomes most frequently studied, followed by cost, strength/flexibility change in body mechanic usage, and exercise behavior.
Among the studies reviewed, all program effects for exerciselflexibility training programs and back schools were positive. In a review of low back pain programs, Lahad (1994) concluded that exercise interventions may be mildly protective against low back pain, an outcome not examined in this review. Back belt programs and education programs showed both positive and negative program effects. We note that this review was limited to published studies only. Often there is an over-emphasis on positive and significant results in published research (Cooper, 1989) . Thus, the studies selected may not be representative of the population of studies that address worksite back injury prevention interventions.
Implications for Practice and Research
No hard and fast rule governs the selection of a specific back injury prevention intervention for a given company. When choosing a specific back injury prevention intervention, every company needs to consider its financial status, (1987 ) #2=Wollenberg (1989 ) #4=Hilyer (1990 #5=McCauley (1990) #7=Galka (1991) #8=Sirles (1991) #10=Reddell (1992) #11=Feldstein (1993) #13=Scopa (1993) #14=Shi (1993) injury compensation rates, job descriptions, amounts and types of lifting required, employee demographics, and culture. The financial limitations of a small company may limit the initial intervention to an instructional program. A company that involves mostly heavy lifting may want to consider a rigidly controlled fitness program. The number of studies in back injury prevention programs in the workplace is lean. The studies reviewed varied in their degree of methodological rigor. A notable strength of the studies was that they were all controlled experiments, with seven being true experiments. More studies are needed with larger sample sizes, more rigid controls, longer durations, more frequent follow up testing, and monitoring of program adherence and attrition.
Evaluating the effectiveness of future programs would be much easier if researchers in worksite settings used consistent definitions for study variables. This would improve the ability to make comparisons between different study groups as well as across studies. The reliability and validity of program measures need to be assured in future studies so that instruments actually measure what they are supposed to measure and with consistency.
The potential increased risk of back injury for workers who stop wearing a back belt following a period of wearing a belt needs further study. Only three back belt programs were reviewed. The National Institute for APRIL 1996, VOL. 44, NO.4 Occupational Safety and Health (NIOSH) reported that the current literature lacks the scientific evidence to make a case for or against the use of back belts in the workplace (U.S. Department of Health and Human Services, 1994).
Not all studies clearly indicated whether the programs were voluntary or mandatory. The effect of mandatory participation versus voluntary participation on program outcomes is one open to discussion. Selection bias was a threat in most of the studies because participants were often volunteers who self selected into the program. Addressing these methodological issues would clearly increase the occupational health nurse's opportunities to create the least costly and the most effective back injury prevention programs.
Practical Applications to Occupational Health
Worksite back injury prevention programs are an approach that occupational health nurses may consider and incorporate into their practice to help reduce worker injuries, medical costs, and absenteeism.
A variety of different programs are offered. These include back belts, back schools, exercise/flexibility, and education programs. Examples of program components used in published studies are presented.
Present research does not provide clear direction to occupational health nurses about which programs work best. More studies are needed with larger sample sizes, more rigid controls, reliable and valid measures, longer durations, more frequent follow up testing, and monitoring of program adherence and attrition.
